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Abstract
Background: Increasingly popular mobile health (mHealth) programs have been proposed to promote better
utilization of maternal, newborn and child health services. However, women who lack access to a mobile phone are
often left out of both mHealth programs and research. In this study, we determine whether household mobile phone
ownership is an independent predictor of utilization of maternal and newborn health services in Timor-Leste.
Methods: The study included 581 women aged 15–49 years with a child under the age of two years from the districts
of Manufahi and Ainaro in Timor-Leste. Participants were interviewed via a structured survey of knowledge, practices,
and coverage of maternal and child health services, with additional questions related to ownership and utilization of
mobile phones. Mobile phone ownership was the exposure variable, and the dependent variables included having at
least four antenatal care visits, skilled birth attendance, health facility delivery, a postnatal checkup within 24 h, and a
neonatal checkup within 24 h for their youngest child. Logistic regression models were applied to assess for
associations.
Results: Sixty-seven percent of women reported having at least one mobile phone in the family. Women who had a
mobile phone were significantly more likely to be of higher socioeconomic status and to utilize maternal and newborn
health services. However, after adjusting socioeconomic factors, household mobile phone ownership was not
independently associated with any of the dependent variables.
Conclusion: Evaluations of the effects of mHealth programs on health in a population need to consider the likelihood
of socioeconomic differentials indicated by mobile phone ownership.
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Background
Maternal, newborn, and child health (MNCH) has re-
cently attracted increased global attention. United Na-
tions Millennium Development Goal (MDG) 4 focused
on reducing the mortality of children under 5, while
MDG 5 advocated global involvement in reducing the
maternal mortality ratio [1, 2]. The subsequent Sustain-
able Development Goal for health targeted specific re-
ductions in maternal, newborn and child health [3].
Although recent evidence indicates steady progress is
being made towards these goals, maternal and neonatal
mortality remain global challenges [4]. It is estimated
that almost 300,000 women died of pregnancy, delivery, or
postnatal complications in 2013 worldwide, with 99 % of
these deaths occurring in low to middle income countries
(LMIC) [5]. Annually there are approximately 3 million
neonatal deaths, the majority of which occur in LMICs
[6]. Although there are many factors contributing to these
deaths, inadequate utilization of maternal and newborn
health services remains a barrier to reducing maternal
morbidity and improving newborn health. In 2012, nearly
40 million births were not attended by skilled birth
personnel and only fifty-two percent of pregnant women
received the recommended minimum of four antenatal
care visits in developing regions [5]. Thus, additional strat-
egies are needed to promote better utilization of health
services related to pregnancy and childbirth.
The penetration of mobile phone services has provided
health workers and health systems access to populations
that have been difficult to reach by traditional approaches
[7]. According to the International Telecommunications
Union, the number of mobile cellular subscriptions will
reach seven billion globally by the year of 2014, with more
than three quarters of those in the developing world [8].
Mobile health (mHealth), which represents a variety of
health programs utilizing mobile phones, has been in-
creasingly applied in LMIC countries to achieve better
health outcomes.
With the emergence of mHealth programs, health
workers have seized opportunities to utilize mobile phones
to connect health systems with pregnant women. Text
messaging, as a low cost, accessible, and convenient tool for
health education, medical reminders, and communication,
is playing a role in promoting mutual interaction between
women of reproductive age and health care providers [9].
mHealth via text messaging has also been a means of deliv-
ering health information and direct health services [10]. Re-
cent evaluations of mHealth programs have demonstrated
that various forms of text messaging can increase the
utilization of antenatal care, skilled birth attendance
and postnatal health services while improving cus-
tomer satisfaction [11–16].
Despite the rapid development and early benefits of
mHealth programs, most of these interventions focus on
the population who already have mobile phones, leaving
non- mobile phone owners without similar support and
investigation. Although mHealth interventions have
been shown to reach people in rural and remote areas
[17], inequities in mobile phone access still remain
[18–21]. Effective program development requires an
understanding of populations without access to a mo-
bile phone, including their health care utilization. In
this study, we aim to investigate socioeconomic factors
and the utilization of maternal and newborn health ser-
vices among a population of postpartum women with and
without access to mobile phones in rural Timor-Leste.
We also explore the association between access to mo-
bile phones and the utilization of health services related




According to the 2009/2010 Demographic and Health
Survey (DHS) [22], Timor-Leste has one of the highest
Maternal Mortality Ratios (MMR) in the world, 557
deaths per 100,000 live births. Despite 86 % attendance
by pregnant women for at least one antenatal care visit
(ANC1+), only 55 % complete the recommended four
ANC visits (ANC4+) during pregnancy [22]. Approxi-
mately 30 % of women utilize skilled birth attendants
(SBA) for their delivery, and one in five births are deliv-
ered in a health facility. The majority of women (68 %)
do not receive any postnatal check [22]. Mobile phones
are increasingly popular among women in Timor-Leste,
where in 2009 only 40 % of households owned a mobile
phone [22], and by 2012 in Manufahi and Ainaro dis-
tricts, where our study took place, 69 and 66 % of
women respectively had a household mobile phone.
Study design
A baseline survey was conducted in February and
March, 2012, in Ainaro and Manufahi districts prior to
the launch of the Liga Inan mobile phone project of
Health Alliance International (HAI) to assess the level of
knowledge, practices, and health service coverage related
to maternal health, and to collect information about mo-
bile phone ownership and usage patterns in both dis-
tricts. This study is a secondary data analysis of data
from that baseline survey.
Data sources
Institutional Review Board approval for the study was
obtained from the University of Washington Human
Subjects Division, as well as from the Cabinet for Health
Research and Development, an institution overseeing
ethical review of all health research in Timor-Leste.
Approval for a waiver of written consent was obtained
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because a number of women were expected to be unable
to sign their names. Interviewers approached eligible
women to explain the survey and ask them if they would
participate, and then documented their informed con-
sent prior to the interview (please see Additional file 1).
If participants under the age of 17 were unmarried, con-
sent from a parent/guardian was obtained. If participants
under the age of 17 were married, consents were pro-
vided by themselves, as married girls between 15 or 16
were considered emancipated according to the Timor-
Leste Civil Code.
The survey questionnaire was developed from the
USAID’s Rapid CATCH (Core Assessment Tool on Child
Health) Survey [23], combined with questions retrieved
from a Demographic and Health survey (DHS) that was
conducted in Timor-Leste [24]. Additional questions about
mobile phone use were developed by HAI project staff
and tested extensively in the field. Data were collected on
demographic characteristics; number and timing of ante-
natal care visits, birthing practices, postnatal care, and
neonatal care; and ownership and utilization of mobile
phones. The English questionnaire was translated into the
local language of Tetun, and interviews were conducted in
Tetun.
Participants
Women aged 15–49 years old with a child up to
24 months of age were eligible for the baseline survey,
conducted in February and March 2012 in Ainaro and
Manufahi districts. The survey employed stratified cluster
sampling. In each of the 8 total subdistricts, 8 clusters of 9
households, totaling 72 households per subdistrict, were
included using a standard formula for cluster survey sam-
pling [25]. If there were two women in the household, the
mother with the youngest child was interviewed. If
women who met the selection criteria were absent from
the house, the study team would return if possible. Sixteen
eligible women were excluded from the study because
they were not at home and not expected to return. If the
original selected village did not contain enough partici-
pants, researchers found substitute participants from the
nearest village. Seventy-two participants were enrolled in
each subdistrict except for the subdistrict of Turiscai,
which had 77 participants. In total, 581 women were
interviewed.
Variables
Socio-demographic characteristics, mobile phone owner-
ship, and selected maternal and newborn health services
were characterized using descriptive statistics. We in-
cluded demographic characteristics (age, years of school-
ing, household commodities, materials of the roof and
floor, literacy), number of births, number of children,
and travel time to the nearest health facility in the
analysis. Household ownership of mobile phones was the
exposure variable of interest. We coded our exposure vari-
able as mobile phone owners and non-mobile phone
owners, defined as women who did or did not have access
to a mobile phone in their household. Outcome variables
included ANC4+ (defined as had antenatal care visits four
or more times during last pregnancy), SBA (had a skilled
birth attendant, such as a midwife or a doctor, deliver their
last baby), health facility delivery (delivered their last baby
at a health facility), early postnatal care (had a postnatal
checkup by a health worker within 24 h after delivery ei-
ther at a health facility, home or other location), and early
neonatal care (had their newborn baby checked by a
health worker within 24 h after the baby was born).
Original continuous data such as age, years of school,
number of children, and travel time to the nearest health
facility were classified into categories. Based on the
methods introduced in DHS [26–29], we calculated the
wealth index by compositely measuring the cumulative
living standards based on household assets: electricity,
radio, television, bicycle, car or truck, horse or other ani-
mal powered transport, type of roofing, and type of floor-
ing. Principal Component Analysis (PCA) was applied to
assess the factor weight of each asset. The wealth index,
which is a continuous variable, was then divided into five
indices, which are Highest, Fourth, Middle, Second, and
Lowest levels [29].
Statistical methods
Demographic characteristics of women with a mobile
phone and those who did not have a mobile phone were
described by the frequency and percentage, and were
compared using the chi-square test for categorical data.
The chi-square test was also used in bivariate analysis to
explore the relationship of independent variables, includ-
ing mobile phone ownership, with utilization of maternal
and newborn health services. We included independent
variables that could be potential confounders to the out-
comes into the logistic model, including the covariates
of age, education, parity, wealth index, travel time to the
nearest health facility, and literacy. Variables are selected
stepwise by backward elimination from the original list,
with variables that have p values less than 0.20 removed
from the model. Odds ratios (OR) and 95 % confidence
intervals (CI) are reported.
Data entry and sample size calculation were completed
with Epi Info 7.0. We used STATA version 12.0 (StataCorp,
Texas) to conduct data analysis, and set 0.05 as the signifi-
cance level (alpha). The svyset STATA command was used
to adjust cluster effects of our data collection. We weighted
the results of the survey to accommodate for the difference
in the population size or sample size between clusters, sub-
districts, and the two program districts.
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Results
Participants
A total of 581 participants from Manufahi and Ainaro
districts were enrolled in the study. Three hundred and
sixty four (67 %) participant households owned at least
one mobile phone. Baseline characteristics of partici-
pants are shown in Table 1. The mean age of partici-
pants was 27.8 years [SD = 0.39, 95 % CI: 27.0–28.6].
About half of women (52 %) had received secondary or
above education while two-thirds were capable of read-
ing and/or writing. The majority of the women (70 %)
lived within one hour of the nearest health facility, and
half (49 %) had at least four children. Less than half the
women, 46 %, attended their first visit before the gesta-
tional age of 3 months, and 95 % before 6 months.
Demographics and mobile phone ownership
Table 1 compares the demographic characteristics of par-
ticipants according to household ownership of mobile
phones. In comparison to participants without mobile
phones, those with mobile phones were significantly more
likely to be educated (p = 0.000), wealthy (p = 0.000), and
more capable of reading and/or writing (p = 0.000).
Women with mobile phones were also more likely to be
located closer to health facilities, with a relationship of
borderline significance (p = 0.060),
Utilization of maternal and newborn health services and
mobile phone ownership
We examined the utilization of maternal and newborn
health services among survey participants: ANC 4+,
SBA, health facility delivery, and postnatal and neonatal
care within 24 h of delivery. A majority of the partici-
pants (72 %) achieved ANC 4+. Less than half (43 %) of
participants reported SBA at their last delivery, and only
one-third (31 %) delivered their last baby at a health fa-
cility. Approximately one-third (31 %) of women re-
ported receiving a postnatal checkup by a health worker
within 24 h of the delivery, and 34 % reported having a
postnatal checkup after 24 h of the delivery. A quarter
reported bringing their baby in for a neonatal checkup
within 24 h of delivery, and 39 % more than 24 h after
delivery.
The unadjusted utilization rates for women who had a
household mobile phone as compared to those without a
phone were significantly higher for ANC 4+ (OR= 1.92;
95 % CI: 1.23–3.00; p = 0.005), delivering with a skilled birth
attendant (OR = 2.45; 95 % CI: 1.55–3.86; p = 0.000), having
health facility delivery (OR = 2.68; 95 % CI: 1.61–4.44;
p = 0.000), and receiving a postnatal checkup within 24 h
after delivery (OR = 2.11; 95 % CI: 1.43–3.14; p = 0.000) and
neonatal checkup within 24 h after delivery (OR = 1.74;
95 % CI: 1.05–2.90; p = 0.032) (Table 2).
Table 1 Demographic characteristics of study participants










≤20 47(13) 30(14) 77(13)
21–24 69(21) 46(19) 115(20)
25–29 121(32) 48(24) 169(29)
30–34 66(18) 41(20) 107(19)
≥35 61(16) 52(24) 113(19)
Mean (year) (SD) 27.5(0.44) 28.3(0.66) 27.8(0.39)
Education level 0.000
No 51(16) 75(39) 126(23)





Lowest 45(12) 73(33) 118(19)
Fourth 52(12) 68(34) 120(19)
Middle 74(22) 45(20) 119(22)
Second 92(26) 15 (6) 107(19)
Highest 101(28) 16(6) 117(21)
Parity 0.360
1 57(15) 33(14) 90(15)
2–3 128(38) 74(32) 202(36)




0–60 min 261(74) 139(62) 400(70)









Mahufahi 172(51) 121(48) 293(50)
Ainaro 192(49) 96(52) 288(50)
Gestational months
at 1st ANC visitb
345 188 533 0.090
1–3 175(48) 94(42) 269(46)
4–6 162(49) 82(50) 244(49)
7–9 8(3) 12(8) 20(5)
aOne data point is missing
b533 women had at least 1 ANC visit when they had their last child
***All p-values are produced using Chi-square test, adjusted for cluster effect
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The multivariate model for mobile phone ownership
included parity as well as the socioeconomic variables
for age of mother, education level, wealth index, travel
time to the nearest health facility, and literacy. Adjusting
for those variables, the relationship between mobile
phone ownership and ANC4+ was not statistically sig-
nificant (aOR = 0.74; 95 % CI: 0.51–1.09; p = 0.133), nor
was there a significant association between mobile
phone ownership and skilled birth attendance (aOR =
1.29; 95 % CI: 0.67–2.51; p = 0.100) or health facility de-
livery (aOR = 1.13; 95 % CI: 0.56–2.28; p = 0.115). In
multivariate regression for early postnatal care and early
neonatal care, after including all the significant covar-
iates identified in bivariate analysis, mobile phone
ownership is removed from the regression model, with a
p value larger than 0.20. No significant associations were
found between mobile phone ownership and early neo-
natal and postnatal care.
Discussion
Our findings demonstrate that women with household
ownership of a mobile phone were more likely to utilize
maternal and newborn health services. However, when
adjusting for socioeconomic status, mobile phone own-
ership was not an independent predictor for antenatal
care attendance, uptake of skilled birth attendance,
health facility delivery, early postnatal or early neonatal
care.
Women with a household mobile phone had higher
socioeconomic status than those in homes without a
phone. Mobile phone ownership may in fact serve as a
surrogate for higher socioeconomic status, with low
ownership in rural communities and among poor people
[18, 20], and women with higher socioeconomic status
are also more likely to utilize health services [30, 31].
Hence, women who had a mobile phone are a priori
more likely to have greater access to health services. The
33 % of women in our study who did not have access to
a mobile phone were less likely to utilize health services,
and were thus most in need of the intervention.
Increasingly mHealth programs focus on the effects of in-
terventions such as text messaging to disseminate health
promotion information. Very few studies analyzed the limi-
tations associated with unequal mobile phone access. Our
findings indicate inequities related to socioeconomic status
in use of maternal and newborn health services between
mobile phone owners and those without a mobile phone.
This is extremely important for the implementation of
mHealth programs in low- or middle-income countries
where unequal access to mobile phones still exists. As most
mHealth programs focus on those with mobile phones,
these findings support the concern that the populations
without a mobile phone who are left out in the benefits of
mHealth programs are actually the most in need of inter-
ventions. Even in some programs where women were given
phone credit, they still could not fully benefit from the text
messaging health education, or text reminders [11, 15]. Fi-
nally, supplying phones during mHealth programs or re-
search studies is unlikely to be a sustainable approach once
countries try to scale programs.
Table 2 Association between mobile phone ownership and health services related to pregnancy and childbirth
Variable Mobile phone owners
(N = 364)







Antenatal care 0.005 0.133
ANC ≥4 264(76) 136(63) 1.92(1.23,3.00) 0.74(0.51,1.09)
ANC <4 100(24) 81(37) Ref. Ref.
Skilled birth attendance 0.000 0.100
Yes 174(50) 61(29) 2.45(1.55,3.86) 1.29(0.67,2.51)
No 190(50) 156(71) Ref. Ref.
Health Facility Delivery 0.000 0.115
Yes 113(37) 33(18) 2.68(1.61,4.44) 1.13(0.56,2.28)
No 251(63) 184(82) Ref. Ref.
PNC within 24 h 0.000 —
Yes 128(36) 45(21) 2.11(1.43,3.14) — —
No 236(64) 172(79) Ref. Ref. —
NNC within 24 h 0.032 —
Yes 100(29) 140(19) 1.74(1.05,2.90) —
No 264(71) 177(81) Ref. Ref.
aAdjusted for cluster effect, and factors related to the outcomes. Factors include age, education, wealth index, parity, travel time to the nearest health facility,
and literacy
**All p-value are produced using the maximum likelihood ratio test
Nie et al. BMC Pregnancy and Childbirth  (2016) 16:183 Page 5 of 7
For maximum impact on the health of the general
population, mHealth efforts should be integrated with
other strategies to reach women who do not have access
to mobile phones, such as household or community level
health promotion. Strategies such as women’s groups,
for example, could help those without a mobile phone
access health information or contact health providers
using the mobile phones of their group members. Col-
lecting information on all women including those not
enrolled in mHealth programs will help to better under-
stand the populations not eligible for these efforts.
This study also suggests that the influence of mobile
phones, even for women who have them, may not be suffi-
cient to overcome the barriers to skilled delivery care that
arise from structural factors such as lack of emergency
transport, inadequate financial preparation for delivery,
and deficiencies in quality of obstetric health services. In
this study from Timor-Leste, mobile phone ownership was
not independently associated with skilled birth attendance.
One of the likely reasons for that finding is that emergency
transport was not widely available in Timor-Leste. The
power of mobile phones to help facilitate skilled birth at-
tendance and health facility delivery may not be adequate
to overcome greater barriers such as inadequate emer-
gency obstetric transport, long distances from a facility,
and other factors such as cultural or social influences.
Hence, mHealth programs need to work in parallel with
other interventions to improve the quality of care and to
construct well-functioning emergency obstetric transport
and referral systems.
Limitations of the Study
This is the first study of which we are aware to address
the inequity in maternal and newborn health services
utilization among populations with and without access
to a mobile phone. There are, however, limitations in
our study. The survey on which the study is based did
not involve questions related to the purposes of mobile
phone usage, which makes it hard to explore whether
these women had used their mobile phones to contact
health providers, transport, or other women with experi-
ence of ANC or SBA. Another limitation lies in using mo-
bile phone ownership as the independent variable, instead
of mobile phone use. Among women in our study who re-
ported having access to a mobile phone, only 82 % of the
women reported it was their own phone, the rest using
their family mobile phones. We did not examine these two
groups independently and thus may not have accurately
assessed the regular use of mobile phones by this popula-
tion. The survey was conducted during the rainy season,
and selection bias probably existed when researchers had
to eliminate a few of the clusters in remote areas that were
isolated by rivers and substitute some that were more ac-
cessible. In addition, interviewers did not check health care
records to verify the reported care, and there was a higher
level of postnatal and neonatal care reported in the survey
than seen in other sources of district data.
Further studies would be useful to assess the effect of
mobile phones on utilization of services, so as to better
understand the mechanisms by which phone access may
facilitate uptake. Additionally, qualitative research could
investigate women’s views on how mobile phones could
help them in contacting health providers, obtaining health
knowledge related to pregnancy and childbirth, or building
up social connection with women who have more experi-
ences in delivery at health facilities or with skilled birth
personnel. Further study would be helpful to assess the
needs of the population that is not eligible for mHealth in-
terventions and explore available methods to reach them.
Conclusions
This study provides evidence that socioeconomic factors
may be important barriers to the success of mHealth
programs that focus exclusively on women having access
to a mobile phone. Programs with an mHealth compo-
nent will be most effective if they integrate with other
interventions to also reach those who have limited or no
access to mobile phones.
Additional file
Additional file 1: English version of questionnaire. (DOCX 182 kb)
Acknowledgement
We would like to express our gratitude to Judith N. Wasserheit for her
contribution to the conception and design of this study. Special thanks are
given to staff of Health Alliance International and Catalpa International who
designed and implemented the Liga Inan project in Timor-Leste. Special
thanks are also given to Charles Mock, who provided professional biostatistics
support in data analysis. The Liga Inan project in Manufahi and Ainaro districts
is funded by the U.S. Agency for International Development.
Authors’ contributions
JN performed the statistical analysis and drafted the manuscript. JU helped
to draft the manuscript and revised the manuscript critically for intellectual
content. ST participated in the design of the study and interpretation of the
results. MH developed the questionnaire, implemented the survey, and provided
critical review of the manuscript. JG formed the research questions and provided
statistics methods solution for the article. MAM contributed to the conception
and design of the research, interpretation of the results, and revision of the
manuscript. All authors read and approved the final manuscript.
Competing interest
The authors declare that they have no competing interests.
Author details
1School of Public Health, Sun Yat-sen University, No. 74 Zhongshan 2nd
Road, Guangzhou 510080, People’s Republic of China. 2Sun Yat-sen Global
Health Institute, Sun Yat-sen University, No. 74 Zhongshan 2nd Road,
Guangzhou 510080, People’s Republic of China. 3Department of Global
Health, University of Washington, 1510 N.E. San Juan Road, Seattle, WA
98195-7965, USA. 4Department of Obstetrics & Gynecology, University of
Washington, Harborview Medical Center, 325 Ninth Ave, Box 359865, Seattle,
WA 98104, USA. 5Health Alliance International, 1107 NE 45th Street, Suite
350, Seattle, WA 98105, USA.
Nie et al. BMC Pregnancy and Childbirth  (2016) 16:183 Page 6 of 7
Received: 17 November 2014 Accepted: 19 July 2016
References
1. We can end poverty: United Nations Millennium Development Goals and
beyond 2015. Goal 4:REDUCE CHILD MORTALITY. http://www.un.org/
millenniumgoals/childhealth.shtml. Accessed 2013.
2. We can end poverty United Nations Millennium Goals and beyond 2015:
GOAL 5: IMPROVE MATERNAL HEALTH. http://www.un.org/millenniumgoals/
maternal.shtml; 2013.
3. United Nations A/RES/71. Transforming Our World: the 2030 Agenda for
Sustainable Development. United Nations; 2015. https://
sustainabledevelopment.un.org/content/documents/
21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf.
4. Lozano R, Wang H, Foreman KJ, Rajaratnam JK, Naghavi M, Marcus JR,
Dwyer-Lindgren L, Lofgren KT, Phillips D, Atkinson C, et al. Progress towards
Millennium Development Goals 4 and 5 on maternal and child mortality: an
updated systematic analysis. Lancet. 2011;378(9797):1139–65.
5. Nations U. The Millennium Development Goals Report 2014. 2014. http://
www.un.org/millenniumgoals/2014%20MDG%20report/MDG%202014%20
English%20web.pdf. Accessed 2014.
6. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I, Campbell H,
Cibulskis R, Li M, et al. Global, regional, and national causes of child
mortality: an updated systematic analysis for 2010 with time trends since
2000. Lancet. 2012;379(9832):2151–61.
7. mHealth for development. The Opportunity of Mobile Technology for Healthcare
in the Developing World. 2014. http://www.unfoundation.org/news-and-media/
publications-and-speeches/mhealth-for-development-1.html. Accessed 2014.
8. Union IT. ICT facts and figures: The world in 2014. Geneva: International
Telecommunications Union. 2014. http://www.itu.int/en/ITU-D/Statistics/
Documents/facts/ICTFactsFigures2014-e.pdf. Accessed 2014.
9. Gentles SJ, Lokker C, McKibbon KA. Health information technology to
facilitate communication involving health care providers, caregivers, and
pediatric patients: a scoping review. J Med Internet Res. 2010;12(2):e22.
10. HealthyPeople.gov. 2012. Health Communication and Health Information
Technology. http://www.healthypeople.gov/2020/topicsobjectives2020/
overview.aspx?topicid=18. Accessed 2013.
11. Lund S, Nielsen BB, Hemed M, Boas IM, Said A, Said K, Makungu MH, Rasch
V. Mobile phones improve antenatal care attendance in Zanzibar: a cluster
randomized controlled trial. BMC Pregnancy Childbirth. 2014;14:29.
12. Jareethum R, Titapant V, Chantra T, Sommai V, Chuenwattana P, Jirawan C.
Satisfaction of healthy pregnant women receiving short message service via
mobile phone for prenatal support: A randomized controlled trial. J Med
Assoc Thai. 2008;91(4):458–63.
13. Kaewkungwal J, Singhasivanon P, Khamsiriwatchara A, Sawang S, Meankaew
P, Wechsart A. Application of smart phone in “Better Border Healthcare
Program”: a module for mother and child care. BMC Med Inform Decis Mak.
2010;10:69.
14. Tesfaye S, Barry D, Gobezayehu AG, Frew AH, Stover KE, Tessema H,
Alamineh L, Sibley LM. Improving Coverage of Postnatal Care in Rural
Ethiopia Using A Community-based, Collaborative Quality Improvement
Approach. J Midwifery Womens Health. 2014;59 Suppl 1:S55–64.
15. Lund S, Hemed M, Nielsen BB, Said A, Said K, Makungu MH, Rasch V. Mobile
phones as a health communication tool to improve skilled attendance at
delivery in Zanzibar: a cluster-randomised controlled trial. Bjog.
2012;119(10):1256–64.
16. Desta BF, Mohammed H, Barry D, Frew AH, Hepburn K, Claypoole C. Use of
mobile video show for community behavior change on maternal and
newborn health in rural Ethiopia. Journal of Midwifery and Women’s Health.
2014;59(SUPPL1):S65–72.
17. Cole-Lewis H, Kershaw T. Text messaging as a tool for behavior change in
disease prevention and management. Epidemiol Rev. 2010;32(1):56–69.
18. Lester RT, Ritvo P, Mills EJ, Kariri A, Karanja S, Chung MH, Jack W,
Habyarimana J, Sadatsafavi M, Najafzadeh M, et al. Effects of a mobile
phone short message service on antiretroviral treatment adherence in
Kenya (WelTel Kenya1): a randomised trial. Lancet. 2010;376(9755):1838–45.
19. Kaplan WA. Can the ubiquitous power of mobile phones be used to
improve health outcomes in developing countries? Global Health. 2006;2:9.
20. Wesolowski A, Eagle N, Noor AM, Snow RW, Buckee CO. Heterogeneous
mobile phone ownership and usage patterns in Kenya. PLoS One.
2012;7(4):e35319.
21. Forestiera E, Graceb J, Kenn C. Can information and communication
technologies be pro-poor. Telecommun Policy. 2002;26:623–46.
22. National Statistics Directorate (NSD) [Timor-Leste], Ministry of Finance
[Timor-Leste], and ICF Macro. 2010. Timor-Leste Demographic and Health
Survey 2009-10. Dili, Timor-Leste: NSD [Timor-Leste] and ICF Macro.
http://dhsprogram.com/pubs/pdf/FR235/FR235.pdf.
23. Knowledge, Practices, and Coverage Survey 2000. Rapid Core Assessment
Tool on Child Health (CATCH). http://pdf.usaid.gov/pdf_docs/PNACK209.pdf.
Accessed Oct 2000.
24. USAID. Questionnaires:Household, Woman’s, and Man’s Demographic and
Health Surveys Methodology. http://dhsprogram.com/pubs/pdf/FR235/
FR235.pdf. Accessed Dec 2010.
25. Bennett S, Woods T, Liyanage WM, Smith DL. A simplified general method
for cluster-sample surveys of health in developing countries. World Health
Stat Q. 1991;44(3):98–106.
26. Filmer D, Pritchett LH. Estimating wealth effects without expenditure data–
or tears: an application to educational enrollments in states of India.
Demography. 2001;38(1):115–32.
27. McKenzie JD. Measuring Inequality with Asset Indicators. J Popul Econ.
2005;18(2):229–60.
28. Vyass S, Kumaranayake L. Constructing socioeconomic status indexes: How
to use principal component analysis. Health Policy Plan. 2006;21(6):459–68.
29. Mbuagbaw LC, Gofin R. A new measurement for optimal antenatal care:
determinants and outcomes in Cameroon. Matern Child Health J.
2011;15(8):1427–34.
30. Barros AJ, Victora CG. Measuring coverage in MNCH: determining and
interpreting inequalities in coverage of maternal, newborn, and child health
interventions. PLoS Med. 2013;10(5):e1001390.
31. de Graaf JP, Steegers EA, Bonsel GJ. Inequalities in perinatal and maternal
health. Curr Opin Obstet Gynecol. 2013;25(2):98–108.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Nie et al. BMC Pregnancy and Childbirth  (2016) 16:183 Page 7 of 7
